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Abstract: The paper seeks to highlight the complexity of literature searching in 
online bibliographic databases and the importance of developing advanced search skills 
towards greater search efficiency. The lack of knowledge of the content, structure and 
operation of databases, poor search skills, and superficiality in assessing search results 
are discussed as the major obstacles to efficient literature searching. It is suggested that 
despite technical improvements towards adjusting search engines to natural language 
processing, the knowledge of traditional search strategies remains highly relevant.
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Introduction
Online literature search is often assumed to be intuitive and easy – typing any search 
criteria in the search box usually returns some hits. This assumption may lead to an in-
accurate impression regarding the state-of-the-art, major focuses and key publications 
in an area of study and bias in their assessment and interpretation. While bibliographic 
databases are now available online to a wide audience and efforts are constantly being 
made to facilitate information retrieval, they largely conform to structures and standards 
defined in the period when librarians were mediators between users and databases.
With no ambition of being exhaustive, the paper seeks to highlight the complexity 
of literature search and to draw attention to some procedures and tools that may increase 
its efficiency. It focuses on three issues that are, based on a librarian’s experience, crucial 
for efficient literature searching:
−	the knowledge of the content, structure and operation of databases;
−	the knowledge of search techniques;
−	assessing the relevance and quality of the retrieved results.
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Bibliographic databases and their features
Publication databases, which store bibliographic metadata in structured fields, 
may be roughly divided into full-text databases (journal archives and repositories) and 
bibliographic databases. The latter contain only bibliographic metadata and a link to 
full text, if available. Both types may be multidisciplinary or subject-based. In practice, 
users are not always aware of the scope, coverage, and limitations of particular databases, 
which gives rise to unfounded expectations, resulting in irrelevant and/or incomplete 
search results.
Furthermore, it is important to understand that searching a single database will not 
cover a research problem comprehensively. Medical scholars, students, and practitioners 
show a strong preference for PubMed, the search engine that primarily relies on MED-
LINE, even when the satisfaction with the search experience is poor(1). The reasons for 
its popularity lie in MEDLINE’s wide coverage of medical publications, the availability 
of full text through the repository PubMed Central, and the fact that it is freely available. 
However, MEDLINE’s selection criteria are not limited to the quality of publications. 
They also include a technical requirement – delivering metadata in the xml format,1 
which many small non-profit journals still find difficult to meet. Searching alternative 
databases (e.g. Embase), multidisciplinary citation databases (Web of Science, Scopus, 
Dimension), repository aggregators (e.g. BASE), and using search engines such as Google 
Scholar helps increase the search coverage(2). 
In bibliographic databases, the metadata extracted from publications are usually 
enriched with terms from controlled dictionaries. Subject-based databases use sub-
ject-specific controlled dictionaries organized in a hierarchical structure (e.g. MeSH – 
Medical Subject Headings in MEDLINE). In PubMed, a search for a subject heading will 
normally retrieve documents that contain the corresponding sub-terms. On the other 
hand, in multidisciplinary databases, this approach does not yield satisfactory results. 
Nevertheless, queries based on terms from controlled dictionaries may miss recently 
indexed publications because it takes some time (after indexing) to assign the terms.
 In all bibliographic databases, recently published articles may be missing due to 
an indexing delay. This is yet another reason for using multiple sources of information.
Improving search techniques
Using simple search and browsing through a long list of hits without refinement 
is one of the most common practices that diminish search efficiency. This practice is 
equally present among domain experts and general users(1,3,4). Bibliographic databases 
are intended for expert or advanced search using complex queries, where multiple search 
terms are limited to specific fields of metadata and combined with the help of Boolean 
1 FAQ: Journal Selection for MEDLINE® Indexing at NLM. NIH US National Library of Medicine. 
Available from: https://www.nlm.nih.gov/lstrc/j_sel_faq.html
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operators, truncation, terms enclosed in double quotation marks, and proximity opera-
tors. Search results can be refined by applying filters(5), whereas individual searches may 
be combined using search history. The latter feature is highly valued among healthcare 
information specialists(6).
 It takes some skill to translate a well-formulated natural-language research question 
into the syntax understandable to the database search engine(7). The process of identifying 
the key concepts, the keywords (and synonyms) that embody them, and relations among 
them, often involves test searches, skimming through retrieved documents, and checking 
suggestions offered by the database under ‘related articles’ to gain an insight into the ter-
minology and phrases in circulation. An efficient strategy of identifying relevant search 
terms is checking the metadata of (and controlled terms assigned to) already known and 
indisputably relevant articles. In PubMed, the process is facilitated by adding automatically 
field names, relevant MeSH terms, synonyms and Boolean operators to user queries(8).
While Boolean operators are supported in all bibliographic databases, some fea-
tures supported in one database may not work in another. PubMed supports only right-
hand truncation, while in Scopus and the Web of Science both left- and right-hand trun-
cation may be used. Unlike Scopus and the Web of Science, PubMed does not support 
proximity operators and additional wildcards. It is also noteworthy that bibliographic 
databases add Boolean operators to simple keyword queries – e.g. when dealing with 
juxtaposed terms, PubMed, Scopus and the Web of Science imply AND.2
Search efficiency may be improved by using the advantages of user accounts (saved 
searches and lists, search alerts). Saving searches makes it possible to reuse and remix saved 
search strategies. This is particularly important in the context of systematic reviews(6).
Assessing search results
Studies on information-seeking behaviour show that users start assessing the re-
sults only after they obtain a ‘reasonable’ number of hits. However, the exact numbers 
behind the idea of ‘reasonable’ vary(1,6). Studies show that most users focus on the first 
page of results, due to which they are likely to miss relevant publications on other pages 
(3). The publication date, reputation of the journal, availability of full text, and the lan-
guage of the reference are perceived as important(1,4).
 The assessment of search results depends on the purpose of search. In a systematic 
literature review or a meta-analysis, search results are analyzed against strict criteria 
based on relevant protocols3 to determine whether they should be included or not and 
2 Scopus Search Guide [Internet]. Available from: https://dev.elsevier.com/tips/ScopusSearchTips.htm; 
Building the Search. NIH US National Library of Medicine. Available from: https://www.nlm.nih.gov/
bsd/disted/pubmedtutorial/020_010.html; Ruccolo M. LibGuides: Web of Science Core Collection: 
Search Tips. Available from: http://clarivate.libguides.com/woscc/searchtips 
3 E.g. Health and Medicine Division of the National Academies of Sciences, Engineering, and Medicine 
– Standards for Systematic Reviews, Cochrane Risk of Bias Tool, JADAD Scale, GRADE, AMSTAR 
Checklist.
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this is done by multiple reviewers independently, to eliminate bias. If a search is per-
formed to gain a rough insight into a topic or find the solution to a specific practical 
issue, assessment criteria may be more flexible.
When examining the search results, users usually screen article titles for the key 
terms. The efficiency of this strategy is confirmed in a number of studies. Not only that 
experienced practitioners find titles sufficiently informative for the identification of clin-
ically relevant articles(9), but there are also indications that screening articles based on 
their titles may be more efficient in the context of systematic reviews than screening titles 
and articles together(10). It is also suggested that screening titles for the PICo elements 
(Participants, Interventions and Comparators) may increase assessment efficiency and 
save time(11).
Further assessment of search results is performed by reading the abstracts of the 
retrieved documents. This step is particularly relevant in systematic reviews(12). It may 
be expected that, thanks to the Open Access movement and the growing number of 
tools discovering free full text (Unpaywall, 1findr, Open Access Button, Kopernio)(13), 
an increasing number of users will replace reading abstracts with skimming through full 
text, where it is just a click away.
When assessing the retrieved publications, it is important to know whether some 
of them are the subject of an ongoing discussion or a dispute. The rise of post-publica-
tion peer-review initiatives has made this information more transparent and accessible. 
A notable example is the PubPeer add-on for web browsers, which displays information 
about comments on PubPeer in the search results in bibliographic databases and search 
engines(14).
Conclusion
Studies on information-seeking behaviour suggest that users prefer intuitive in-
terfaces, simple search and natural-language queries. This largely explains the popular-
ity of Google Scholar. The new citation database, Dimensions, launched early in 2018, 
uses advanced concept extraction, natural language processing, and complex machine 
learning(15). A number of tools supporting natural language search (e.g. eTBLAST), se-
mantic search (e.g. SemanticMEDLINE, litVar(16)), relevance ranking (e.g. MedlineRa-
nker, Twease, Quertle) and clustering into topics (e.g. GoPubMed, ClusterMed) have 
been developed, mostly by academic researchers, with the idea of facilitating search in 
PubMed(17). Recent improvements to PubMed were focused on developing a new rele-
vance algorithm based on machine learning, a new data structure and an improved user 
interface(18–20).
 There are also applications that enable working with PubMed publications on 
a local computer. Abstract Sifter, a public domain Microsoft Excel-based application,4 
4  Available from: http://doi.org/10.5281/zenodo.1040961 
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enables users to perform PubMed searches through the application, to import metadata, 
including abstracts, from MEDLINE, and to search, analyze and annotate the imported 
records on local computers(21). Downloading PubMed XML files, loading them into a 
relational database, and generating a full text index suitable for natural-language search 
and text mining is supported by tools such as LingMed and LingPipe, or PubMedPort-
able, but they require advanced computer skills(22).
However, the traditional information skills based on designing complex queries re-
main relevant and necessary, especially in systematic literature reviews. Advanced search 
skills improve the quality of search regardless of the search platform. The widespread 
belief that they are of little use in generic search engines is called into question by the 
list of the search operators supported by Google(23). As the same time, both information 
specialists and users (scholar, students, and practitioners) should remain receptive to 
new tools aimed at facilitating and optimizing information seeking. 
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